Several types of solid acid catalysts were prepared based on oxides like (ZrO 2 , TiO 2 , HfO 2 , MCM-41 and SBA-15), using two main preparation methods: the precipitation and the sol-gel methods. Each catalyst was subjected to two types of impregnations: sulfate ions using sulfuric acid as precursor and niobium using niobium oxalate as precursor. These prepared catalysts were tested in the etherification reaction of 2-naphtol, where the catalysts showed both acidic and redox properties. The acidic character was manifested through the formation of 2-butoxynaphtalene (with moderate yields) when oxide is sulfated, and the redox character (when impregnated with niobium) manifested through the formation of the interesting product 2-ethylnaphtofuran (with low yields) and other products that were a result of oxidative coupling of two 2-naphtol molecules (binol and acetal of binol). However despite the effort, several attempts to increase the yield of 2-ethylnaphtofuran did not work. All products prepared were obtained in pure form and characterized by 1 H and 13 C NMR, GC and MS.
Introduction
Tightening environmental legislation is driving the fine and specialty chemicals industries to consider alternative processes that avoid the use of conventional mineral acids. Research nowadays is focused on the use of heterogeneous acid catalysts. By using these solid acid catalysts, chemical processes become more productive and more environmentally friendly. In fact, they are being used in many industrial chemical processes from the largest chemical process of catalytic cracking in petroleum refining to the synthesis of various fine chemicals [1] [2], the preparation of active and selective heterogeneous acid catalysts is a challenge.
The chemistry of ethers are of great interest due to the vast presence of the C-O-C group in different domains of chemistry: pharmaceutical, agrochemicals and the petroleum industry. In our work, the main focus was on the various ethers of 2-naphthol, which are commercially attractive due to their extensive applications in the fine chemical industry.
The current practice for the manufacture of these ethers is based on Williamson type synthesis using base and toxic alkyl halides [3] [4] . More recently, homogeneous acid-catalyzed reactions were also described [5] . Thus, studies in the etherification of 2-naphthol with different alcohols in the presence of solid acid catalysts appear to be relevant having both academic and industrial context. In our work, several types of known solid acid catalysts were prepared based on oxides like (ZrO 2 , TiO 2 , HfO 2 , MCM-41 and SBA-15), using two preparation methods: the precipitation and the sol-gel methods. Each catalyst received two types of impregnations: sulfate ions and niobium using sulfuric acid and niobium oxalate as precursors respectively. We chose these types of impregnations since both sulfate and niobium doping are reported to induce strong acidity to the oxides on which they are impregnated. These prepared catalysts were first screen tested in the etherification reaction of 2-naphtol with butanol to determine which has the highest acidity by comparing butoxynaphtalene (2) yields since the reaction of aromatic ether formation requires strong acids, where the catalyst that gave the highest yield of butoxynaphtalene would be the one with high acidity. During these tests, both acidic and redox properties appeared which will be discussed later. The optimization of the reaction conditions (time, temperature and catalyst loading) for this reaction will be discussed and the detailed preparation methods for each catalyst will be given. International Journal of Organic Chemistry ured using a Kofler Heizbank apparatus and noted in ˚C. A muffle furnace (MF-120) was used to conduct the calcinations of all our catalysts under static air conditions. After drying, the materials were powdered, calcined and finally sealed in an ampoule until use. Before each reaction, the catalyst was heated at 200˚C under vacuum for 3 h (done in a vacuum oven).
Surface Acidity Determination Method
The acidity of all the prepared solid acid catalysts were measured by previously reported titrimetric method [6] . This method insured the detection of the total acid content. For this, 0.02 g of the solid catalyst were added to 10 mL of 0.01 M NaOH solution and stirred for 3 h. Then it was filtered without washing and titrated with 0.01 M HCl using phenolphthalein as indicator. The consumed amount of NaOH was measured, from this calculated amount, the total acidic sites of the catalyst were calculated. The acidity was reported as mmol of H + per g of catalyst. The results of these measurements are listed in tables for each set of catalysts.
Catalysts Preparations
Several solid acid catalysts were prepared: microporous oxides (ZrO 2 , TiO 2 ,
HfO 2 ) and siliceous mesoporous materials (MCM-41 and SBA-15). The preparations of these solids were taken from known published methods in the literature [7] - [13] .
Zirconium Oxide Catalysts
To prepare the zirconium catalysts using zirconium oxychloride as precursor, two general methods were used: the first was the precipitation method followed by impregnation (sulfate or niobium doping). The second was the sol-gel method based on using Zirconium n-propoxide as precursor. This method was done in two different synthesis mediums: acidic and basic. The idea behind all these variations of preparation methods was to obtain a wide variety of zirconium catalysts that were either in-situ or post sulfated plus niobium impregnated. [7] 20 g of zirconium oxychloride (ZrOCl 2 •8H 2 O) were dissolved in 200 mL of distilled water. Aqueous Ammonia solution (NH 3(aq) 35%) was added drop wise into solution with stirring until the mixture reached a pH value of 9.Then the system was left for 24 h without stirring. The reaction mixture was filtered then washed with distilled water until no chloride ions could be detected (confirmed with 0.5 M AgNO 3 solution). The solid obtained was dried at 100˚C for 24 h.
1) Zirconium Catalysts Prepared by the Precipitation Method
The obtained dried hydroxide was the subjected to three separate treatments;
It was directly calcined at 650˚C for 4 h in air to obtain the pure zirconium oxide ZrO 2 . In the second treatment it was impregnated with 0. A full list of all zirconium oxide catalysts prepared by the precipitation method is shown in Table 1 .
The optimal loadings of sulfate ions (0.5 -1 M) and niobium (3% -5%) dopings used on various oxides (ZrO 2 , TiO 2 , HfO 2 , MCM-41 and SBA-15) were chosen as seen in Table 1 after an optimization study that we conducted, to determine the optimal loading for each type of impregnation that gave the highest yields and the highest surface acidity. It turns out that no significant increase in yield or surface acidity were observed while increasing sulfuric acid concentration above 1 M or niobium loadings above 5% during impregnation step.
2) Zirconium Catalysts Prepared by the Sol-Gel Method
Sulfated zirconia samples were prepared by the one step as well as the two-step sol-gel technique. In the one step method (acid medium), addition of sulfuric acid was done directly in the synthesis mixture, which yielded the in-situ sulfated zirconia. In the two-steps procedure, it was done in alkaline medium with aqueous ammonia, then followed by sulfating with H 2 SO 4 in the second step. was dried at 100˚C for 24 h then calcined at 500˚C for 5 h. The obtained TiO -SO − .
To obtain the pure TiO 2 , the same procedure was followed but only water was used instead of H 2 SO 4 . The obtained pure TiO 2 will receive two separate impregnations as described before: the sulfate ions and the niobium impregnations.
3) Titanium Catalysts Prepared by the Templated Sol-Gel Method [11] 2.36 g of hexadecyltrimethyl-ammonium bromide (CTAMBr) were dissolved in 24 mL ethanol. On another hand a mixture of 12 mL Ti(O i Pr) 4 , 22.8 mL EtOH and 4.72 mL HCl solutions was prepared. The first solution was added slowly to the second mixture, then 8.24 mL of distilled water were added drop wise to the mixture and stirred for 15 min. The resulting mixture was transferred to a large crystallizing dish and heated at 60˚C for 7 days. A yellowish solid was obtained and further received a stabilization step with NaOH, where 50 mL of 0.112 M NaOH solution were added, and the suspension was refluxed for 48 h. After filtration the solid obtained was washed with distilled water, dried at room temperature and calcined at 300˚C for 1 h to yield TiO 2 . The obtained pure TiO 2 was subjected to two separate impregnations as described before: the sulfate ions impregnation and the niobium impregnation. A full list of titanium catalysts prepared by the sol-gel and templated sol-gel method is shown in Table 4 .
Hafnium Oxide Catalysts [12]
10 g of hafnium tetrachloride HfCl 4 were dissolved in 200 mL distilled water. To this solution a 0.4 M aqueous solution of KOH were slowly added dropwise while stirring. The suspension was stirred for 3 h. In this particular case the precipitate was difficult to filtrate, therefore it was centrifuged at 4000 rpm for 10 min and washed with distilled water, The process was repeated several times until the precipitate was free of chloride ions (0.5 M AgNO 3(aq) test). The obtained Hf(OH) 4 precipitate was dried in an oven at 100˚C for 1 h. Further calcination at 500˚C for 2 h formed HfO 2 . The obtained hafnium oxide was impregnated with sulfate ions and niobium as described before.
A full list of hafnium catalysts prepared by precipitation is shown in Table 5 .
MCM-41 Prepared Materials [13]
Two well-known families of highly ordered mesoporous silica materials (MCM-41 and SBA-15) were prepared by the templated sol-gel method, using two types of surfactants; the cationic surfactant hexadecyltrimethyl-ammonium bromide
CTAMBr and the non-ionic block copolymer pluronic P123, respectively and using tetraethyl orthosilicate (TEOS) as silica precursor. These materials were subjected to three separate treatments; in the first, niobium was incorporated into the framework of the material during preparation to get Nb-MCM-41 and Nb-SBA-15. In the second, niobium was loaded on the surface of the materials by post impregnation using an aqueous solution of niobium oxalate and oxalic acid. In the third, impregnation with sulfate ion was realized using aqueous solution of known concentration of sulfuric acid.
1) Nb-MCM-41 Catalyst 9.6 g of hexadecyltrimethyl-ammonium bromide (CTAMBr) were dissolved in 200 mL of distilled water and 200 mL ethanol. 61.2 mL of aqueous ammonia solution (32 wt•%) were added to the surfactant solution. The mixture was stirred for 10 min and 14.46 mL of TEOS and 1.07 g of niobium oxalate were added (the niobium oxalate mass was calculated to get a Si/Nb ratio of 32). After stirring for 2 h the resulting solid was recovered by filtration, washed with distilled water and dried in air. The template was removed by calcination at 550˚C for 8 h.
2) MCM-41 Catalyst To obtain the bare MCM-41, the same procedure is followed as previously, but without adding niobium precursor. A full list of meso-structured silica International Journal of Organic Chemistry MCM-41 catalysts prepared by templated sol-gel method is shown in Table 6 .
SBA-15 Prepared Materials [13]
1) Nb-SBA-15 Catalysts 6 g of (PEG-PPG-PEG) Pluronic P-123 were dissolved in 132 mL of 0.63 M HCl solution (the complete dissolution of the surfactant took about 3 h). Afterwards, 12.76 mL of tetraethyl orthosilicate TEOS and 0.94 g of niobium oxalate were added in order to get a Si/Nb atomic ratio of 32. The mixture was stirred at 60˚C for 8 h. Then left at 80˚C for 16 h. The precipitate was filtered, washed with distilled water and dried at 60˚C for 24 h. After calcination at 550˚C for 8 h in air, the mesoporous Nb-SBA-15 was obtained.
2) SBA-15 Catalysts To prepare the pure SBA-15, the previous procedure is followed but without adding the niobium oxalate. A full list of SBA-15 catalysts prepared by templated sol-gel method is shown in Table 7 .
Catalysts Characterizations
All catalysts used in this work were prepared by known published methods in the literature, therefore both morphological properties of these solids (surface area and crystalline phase) were taken from these references, which will be detailed in the results and discussions part. As mentioned earlier The acidity of all the prepared solid acid catalysts were measured by previously reported titrimetric method [6] , the results of acidity measurements are listed in tables for each set of catalysts.
Catalytic Test
General procedure for 2-naphtol etherification: In a typical run, 1.4417 g (10 mmol) of 2-naptol and 9.1 ml of butanol (10 eq) were added to 0.28 g of catalyst (20 wt•%), the reaction mixture was stirred and the temperature was maintained at 115˚C (reflux). After 24 h, the reaction mixture was cooled down to room temperature and filtered. The catalyst was thoroughly washed with ethyl acetate. The filtrate was concentrated under vacuum to give the crude product and to eliminate butanol.
The main products for the solid acid-catalyzed etherification of 2-naphtol and the reaction are as follows in Scheme 1. The crude was purified by silica column chromatography (hexane/ethyl acetate: 9/1). The conversions were calculated based on the limiting reactant (2-naphtol), also the yields of the other products were determined from the mass of the obtained fractions from the silica column separation.
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In all cases, butanol was taken in excess (10 eq) with respect to 2-naphthol to drive the equilibrium toward ether formation. It was interesting to note that the reaction mixture released a remarkable odor, a fruity raspberry/strawberry taste, of 2-butoxy-naphthyl ether as the reaction proceeded.
Characterization of the products: 
Results and Discussions

Optimization of Catalyst Loading
Since this reaction had been done with known solid acid catalysts like amberlyst-15 and Nafion [14] , and its conditions (reaction time and temperature) were already optimized, it was only necessary for us to find the optimal catalyst loading that will yield the most of the aromatic ether 2-butoxynaphtalene (2). For this purpose, one specific catalyst was chosen, the ZrO / SO
These optimal conditions were applied for all the following catalytic tests done with the remaining catalysts.
Optimal catalyst loading was determined for higher 2-butoxynaphtalene (2) yields. Etherification of 2-naphtol was done following the general procedure detailed previously (Section 2.5), but in this case several catalyst loadings were tested using as mentioned before 
Catalysts Characterizations
In this part, we present in details both properties (surface area and crystalline phase) for some of the prepared catalysts taken from the references that were used to prepare them as mentioned before. We present also the surface acidity titrations for all prepared catalysts will be given.
Zirconium Oxide Catalysts Characterization
The sulfated zirconia catalysts showed tetragonal phases. The surface acidity measurements for both series of zirconium catalysts prepared by the precipitation and the sol-gel method (acid and basic medium) are listed in Table 8 and Table 9 .
Comparing the acidity measurement results in Table 8 and Table 9 , we can see a general trend, where the none impregnated oxide has the lowest acidity.
This was expected since metal oxides are known to have very weak to non-surface acidity. Impregnation with niobium showed very weak acidity with no significant difference between both niobium loadings chosen (3% and 5%). These obtained acidity measurements were expected since in literature only sulfated metal oxides are the most acidic (super acidic). 
Titanium Oxide Catalysts Characterization
The sulfated titanium From the acidity measurements of all titanium catalysts prepared in Tables   10-12 , it was clear that the surface acidity variations of these oxides followed the same direction seen with the acidity variations of zirconium oxides, and this observation will also be seen with the rest of catalysts prepared (HfO 2 , MCM-41
and SBA-15).
Hafnium Oxide Catalysts Characterization
The hafnium catalysts prepared by the precipitation method showed pure monoclinic phase. No data was present regarding the surface area of hafnium oxide HfO 2 ALH 28. The surface acidity measurements for all hafnium catalysts are listed in Table 13 .
Again as mentioned previously the surface acidity variations of hafnium catalysts followed the same trend observed with zirconium and titanium catalysts. Both prepared samples MCM-41 and Nb-MCM-41 corresponding to ALH 33
Meso-Structured Silicon Oxide Based Catalysts
1) MCM-41 Catalysts
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and ALH 34 respectively, showed typical hexagonal arrangement of pores as confirmed by TEM and X-ray diffraction measurements [13] in Table 14 . The
surface acidity measurements for all prepared MCM-41 catalysts are listed in Table 15 .
The same trend in surface acidity variation observed with previous catalysts (ZrO 2 , TiO 2 and HfO 2 ) was also repeated with the MCM-41 catalysts, but the difference here was that even when sulfated with 1M H 2 SO 4 aqueous solution the catalyst showed weak surface acidity.
2) SBA-15 Catalysts SAB-15 ALH 39 and Nb-SBA-15 ALH 40, showed typical hexagonal arrangement of pores confirmed by TEM and X-ray diffraction [13] in Table 16 . The surface acidity measurements for all prepared SBA-15 catalysts are listed in Table 17 .
The surface acidity measurements observed with MCM-41 catalysts was also observed with SBA-15 catalysts. These surface acidity measurements observed throughout all prepared catalysts were in correlation with the catalytic activity of these catalysts in the etherification reaction of 2-naphtol. Zirconium catalysts prepared by the precipitation method were tested in the etherification of 2-naphtol with butanol. The obtained results are shown in Table 18 .
Catalytic Evaluations
Catalytic Evaluation of Zirconium Catalysts 1) Catalytic Evaluation of Zirconium Catalysts Prepared by the Precipitation Method
Zircon zirconium catalysts ZrO 2 were unreactive. This is not surprising since that zirconium oxide itself has very low acidity on its surface, our acidity measurements confirmed this observation (1.5 mmol H + /g). When sulfated, it showed moderate catalytic activity towards butoxynaphtalene (2) formation, this revealed an acidic character gained after sulfating, which was expected since sulfated zirconium oxide has a strong surface acidity (8 mmol H + /g). Even when sulfated with a higher concentration of sulfuric acid during impregnation which showed slightly higher surface acidity (9 mmol H + /g), it showed a very small increase in the yield of butoxynaphtalene (2). On the other hand when the zirconium oxide was impregnated with niobium, it showed redox properties and weak acidity (3 mmol H + /g), even if very small conversions were obtained but the products formed (3), (4) and (5) were a clear evidence of these redox catalytic properties. The proposed mechanisms for the formation of these products will be discussed later.
The acidity of supported niobium oxides has been previously investigated [15] and showed that mostly Lewis acid sites were detected on supports like (silica, magnesia, Titania and zirconia), and that Brönsted acidity was only detected when niobium was supported on alumina or silica. Another study [16] showed that Brönsted acid sites appeared also on zirconia supports doped with niobium.
In our particular reaction even though the formation of butoxynaphtalene (2) requires Brönsted acid sites instead of Lewis acid sites, it appears that the Brönsted acid sites on our prepared ZrO 2 /Nb weren't strong enough to catalyze the reaction, instead this catalyst showed a redox character.
2) Catalytic Evaluation of Zirconium Catalysts Prepared by the Sol-Gel
Method
The etherification reaction of 2-naphtol was tested with zirconium oxide catalysts prepared by the sol-gel method, either in basic medium or acid medium.
The obtained results are shown in Table 19 .
If we compare all these results with the previous ones obtained with zirconium oxides prepared by the precipitation method, we will find almost the same general catalytic activity, but with the zirconium catalysts prepared by the sol-gel method we can see a slight increase in catalytic activity, with small increase in butoxynaphtalene (2) yields. So the sol-gel method is a more efficient way to give more active catalysts. However when the zirconium oxide is in-situ sulfated (ALH 11 2 2 4 ZrO -SO − ) higher yields of butoxynaphtalene (2) were obtained, as surface acidity is higher, this showed that in-situ sulfating gives rise to better acidity which translates into higher catalytic activity.
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The catalytic activity observed in both cases showed that when sulfated the zirconium oxide showed acidic properties and when impregnated with niobium it showed both redox and weak acidic properties.
Catalytic Evaluation of Titanium Catalysts 1) Catalytic Evaluation of Titanium Catalysts Prepared by the Precipitation Method
The etherification reaction of 2-naphtol was tested with titanium oxide catalysts prepared by the precipitation method. The obtained results are shown in Table 20 .
Titanium catalysts prepared by precipitation method, showed similar yet weaker catalytic activity compared to all zirconium catalysts (lower 2-naphtol conversions and product yields), this is probably caused by weaker acidity of titanium catalysts in Tables 10-12 compared to zirconium catalysts in Table 8 and Table 9. Even if titanium catalysts ALH 12 have higher surface area 104 m International Journal of Organic Chemistry /g, this does not mean that titanium catalysts should have given higher catalytic activity, the probable determining factor was the higher surface acidity.
The same research group that studied the surface acidity of ZrO 2 /NbO x catalytic systems, also studied [17] [18] the TiO 2 /NbO x and concluded that the results obtained with both systems indicate a direct relation between the abundance of Brönsted acid sites and the formation of polymeric NbO x species. But TiO 2 /NbO x system showed that the development of Brönsted acidity as a function of Nb loading is different from that observed for the ZrO 2 /NbO x system. In our tested reaction (etherification of 2-naphtol) these Brönsted acid sites on TiO 2 /NbO x gave traces of butoxynaphtalene (2) which indicated a slightly higher acidity than the ZrO 2 /NbO x that did not yield the aromatic ether at all.
2) Catalytic Evaluations of Titanium Catalysts Prepared by the Sol-Gel
Method Titanium oxide catalysts prepared by the sol-gel method were tested with the etherification reaction of 2-naphtol. The obtained results are shown in Table 21 .
Titanium catalysts prepared by the sol-gel method, showed similar catalytic activity compared to previous catalysts tested: when oxide is sulfated low conversions of 2-naphtol (1) and low yields of butoxynaphtalene (2); when oxide is impregnated with niobium, redox properties were observed. The in-situ sulfated titanium oxide showed small increase in conversion of 2-naphtol (1) and better yields of butoxynaphtalene (2) , this indicates that in-situ sulfating gave the catalysts with better activity due to higher surface acidity.
Titanium catalysts prepared by the sol-gel method showed slightly higher catalytic activity than titanium catalysts prepared by the precipitation method, probably due to its higher surface area (Section 3.2.2).
3) Catalytic Evaluations of Titanium Catalysts Prepared by the Templated
Sol-Gel Method
Titanium oxides prepared by the templated sol-gel method were tested with the etherification reaction of 2-naphtol. The obtained results are shown in Table   22 .
Titanium oxides prepared by the templated sol-gel method gave catalysts with slightly higher but similar activity compared to other titanium catalysts, this is /g). The determining factor that gave the catalyst with improved activity was the surface area not surface acidity.
Catalytic Evaluation of Hafnium Catalysts
Hafnium oxides prepared by precipitation method were tested with the etherification reaction of 2-naphtol (1). The obtained results are shown in Table 23 .
With hafnium oxides, a similar but much higher activity was observed than previous catalysts tested (ZrO 2 and TiO 2 ), higher yields of butoxynaphtalene (2) when oxide is sulfated. This is due to the higher surface acidity of sulfated hafnium in Table 13 . When impregnated with niobium a redox character was also observed, this time with traces of butoxynaphtalene (2) formed showing a weak acidic character confirmed by the low surface acidity measurements. Table 24 .
MCM-41 catalysts showed different catalytic activity than previous catalysts tested (ZrO 2 , TiO 2 and HfO 2 ). The bare MCM-41 showed no catalytic activity. When sulfated the MCM-41 support had very weak surface acidity compared to International Journal of Organic Chemistry formed that were not expected; furan (4), acetal (3) and binol (5). It was interesting for us to understand the mechanism pathways responsible for the formation of these products.
Proposed Mechanism for Binol (4) Formation
Previous studies [14] [20] were done on the formation of binol (4) through the oxidative coupling of 2-naphtol, although the mechanism is still not fully understood, the procedure itself appear to be a potential new methodology for catalytic asymmetric C-C bond formation triggered by an electron-transfer process.
In our work, binol formation from 2-naphtol was observed when transition metal niobium was impregnated on mesoporous siliceous materials (SBA-15 and MCM-41), although the catalysts tested had poor conversions and low chemical yields for binol, still it was interesting. We believe that in our case the binol formation proceeded through a radical mechanism in Scheme 2, since peroxide tests (using Peroxide 25 test sticks) turned out positive indicating the presence of peroxide intermediates in the reaction medium. This mechanism was also proposed previously [21] , where oxidation reactions carried out on 2-naphtol in presence of H 2 O 2 and a catalyst (crystalline vanadium phosphates) gave binol as a secondary product. In their proposed mechanism the hydroxyl radicals are generated from the hydrogen peroxide used in the reaction, but in our case we believe that the hydroxyl radicals species could be generated from the molecular oxygen (O 2 ) in ambient air, since our etherification reactions were carried out in open air, and what enforced this proposal was our observations that when we attempted to reproduce this reaction under nitrogen atmosphere nothing happened and no conversion of 2-naphtol was observed in Scheme 3.
Proposed Mechanism for 2-Butoxynaphtalene (2) Formation
In previous work [14] a mechanism for the etherification of 2-naphtol to butoxynaphtalene (2) was proposed in Scheme 4. In this mechanism it is suggested that the 2-naphtol takes the role of an electrophile while the alcohol takes the role of a nucleophile.
In our case, with the sulfated oxides (ZrO 2 , TiO 2 , HfO 2 , MCM-41 and SBA-15) a proton is generated in the reaction medium, since our catalysts possess surface The following experimental procedure was used:
To a solution of 2-naphthol (144 mg, 1 mmol) in Butanol (750 ml, 10 mmol) was added boron trifluoride (48% in ether, 300 ml, 1.1 mmol). The tube was sealed and the mixture was stirred at 80˚C during 15 hours. The mixture was quenched with water (10 ml) and extracted three times with dichloromethane (3 × 5 ml). The combined organic layers were washed with brine (10 ml), dried over MgSO 4 and concentrated. The crude was purified by column chromatography (cyclohexane/ethyl acetate: 9/1) to afford the 2-butoxy naphthalene (82% yield) as yellow oil.
This prepared pure sample of butoxynaphtalene was then reacted with the catalyst that showed the highest redox activity (Nb-SBA-15 ALH 40) in the same reaction condition described previously (Section 2.5). No reaction took place, showing that the butoxynaphtalene did not transform into the furan in Scheme 7.
In another attempt the 2-naphtol was reacted with butanal instead of butanol in Scheme 8, under the same reaction conditions 2 products (furan and binol)
were obtained, so the only mechanism that we could think of is illustrated in Scheme 9.
Conclusions
Our prepared catalysts tested in the etherification reaction of 2-naphtol have shown 2 different catalytic properties: first an acidic character, and second a redox character. The acidic character was observed when oxides (ZrO 2 , TiO 2 , HfO 2 ) and mesoporous siliceous materials (MCM-41 and SBA-15) were impregnated with sulfate ions. This acidity was induced from sulfate ions impregnated on the surface of the solids using sulfuric acid as precursor, this method proved that the amount of surface acidity (measured in mmol H + /g) increased with the concentration of sulfuric acid used during impregnation to an optimal concentration of 
